Pheochromocytoma/paraganglioma (PPGL) have been reported to have germline mutations in more than 15 genes. PPGL diagnosed during childhood have the highest heritability (up to 80%). PPGL associated genes are classified into two clusters; cluster 1 (VHL, SDHx, EPAS1, PDH1, PDH2, FH, MDH2) and cluster 2 (RET, NF-1, TMEM127, MAX). Cluster 1 genes associated PPGL are norepinephrine secreting whereas cluster 2 genes associated PPGL are epinephrine secreting. In children with PPGL, VHL mutations are the most common followed by SDHB and SDHD. Bilateral PCC are frequent in patients with VHL mutations whereas extra-adrenal PGL are frequent in SDHx mutations. SDHB related PPGL are frequently malignant. Genetic testing should be performed in all children with PPGL and prioritization of genetic testing based on clinical characteristics (extra-paraganglial manifestations, location and number of PPGL, biochemical phenotype and metastasis) may be cost-effective.
INtrODUCtION
Pheochromocytoma (PCC) is a tumor that arises from the catecholamine-producing chromaffin cells in the adrenal medulla. It was defined as an intra-adrenal paraganglioma (PGL) by the World Health Organization in 2004. 1 Closely related tumors that arise from extra-adrenal sympathetic and parasympathetic ganglia are classified as extra-adrenal PGLs. Pheochromocytoma and extra-adrenal sympathetic PGLs commonly secrete catecholamines, whereas parasympathetic PGLs are usually nonfunctional. Sympathetic PGLs are usually located in the abdomen (at aortic bifurcation, para-aortic, and peri-adrenal), pelvis, and thorax, whereas parasympathetic PGLs are most commonly found in the head and neck. 1 Pheochromocytoma and paragangliomas (PPGLs) account for up to 1.7% of children with hypertension. 2 Although PPGL is rare, it is the most common pediatric endocrine tumor. Estimated incidence of benign PPGL in children is 0.11 per million children, whereas it is 0.02 per million children for malignant PPGL. The PPGLs in children are more likely to be hereditary, bilateral, and extra-adrenal compared with adults. 
EtIOLOGY
The PPGLs carry the highest degree of heritability (around 40%) of all human tumors. The heritability is highest (up to 80%) for PPGL diagnosed during childhood. 4 The PPGLs of various genetic backgrounds can be segregated by their transcription profile into two main clusters (cluster 1 and 2) that have helped to guide the wjoes discovery of novel susceptibility genes. Cluster 1 is enriched with genes that are associated with the hypoxic response, and cluster 2 contains tumors that activate kinase signaling and protein translation. 5 Cluster 1 genes include VHL, components of the SDH complex (SDHA, SDHB, SDHC, and SDHD, as well as SDHAF2), FH, PHD1, PHD2, HIF2A, and MHD2. 5 Cluster 2, a more heterogeneous group, encompasses PPGLs with RET, NF1, TMEM127, and MAX mutations.
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INHErItaNCE
All PPGL-related genes are inherited in an autosomal dominant manner. However, in SDHD, SDHAF2, and familial cases of MAX gene mutations, tumor development is generally described only after paternal transmission of the mutation. 7 This finding is not because of genomic imprinting and is because of parent-of-origin effect. However, recently, three cases of PPGLs with maternal transmission have been reported in SDHD mutation carriers.
aGE at PrESENtatION
Germline mutations in VHL, SDHB, and SDHD account for a great proportion of hereditary PPGLs during childhood. 5 In patients who present during the first decade of life, VHL mutations account for the most PPGLs, even among apparently sporadic tumors. Multiple endocrine neoplasia type 2 (MEN2)-associated PCC is usually present in late teenage or young adulthood, whereas those in NF1 present usually in mid-to late adulthood. 5, 9 However, in both syndromes, PPGL can present during childhood. SDHC-, SDHAF2-, MAX-, and TMEM127-associated PPGLs may rarely present during childhood.
bIOCHEMICaL PHENOtYPE
The RET, NF1, and TMEM127-associated PPGLs are epinephrine secreting and are characterized by elevated epinephrine/metanephrine with or without elevation of norepinephrine/normetanephrine, whereas VHL-, SDHx-, FH-, and HIF2A-associated PPGLs do not produce epinephrine and are characterized by elevation of norepinephrine or its metabolite normetanephrine in plasma or urine; they display normal epinephrine and metanephrine levels. MAX-associated PPGLs could be either epinephrine producing or norepinephrine producing. 6 Most sporadic tumors behave like cluster 2 genes and produce epinephrine. Combination of metanephrine and normetanephrine can discriminate SDHx-and VHL-related PPGLs from those associated with RET, NF1, and TMEM127 in 99% of the cases. Elevation of plasma methoxytyramine is commonly seen in patients with SDHB and SDHD mutations and discriminates these tumors from those with VHL mutations in approximately 75% of cases. 10 Elevation of plasma methoxytyramine is also a predictor of malignancy.
tUMOr LOCatION
von Hippel-Lindau-related PPGLs are most commonly adrenal PCCs followed by extra-adrenal thoracoabdominal PGLs (TAPGLs). 12 Very rarely, they are associated with parasympathetic PGL. The PPGLs in SDHB mutation carriers are usually extra-adrenal TAPGL followed by adrenal PCC and head-and-neck PGL (HNPGL). 5, 12 In SDHD, tumors are mostly HNPGL, and less common are adrenal PCC and extra-adrenal TAPGL. 5, 12 In SDHC and SDHAF2, tumors are predominantly HNPGL, though they are often thoracic PGL (SDHC). 13 The RET, NF1, and TMEM127 tumors are mostly adrenal PCCs, whereas in MAX, tumors are predominantly adrenal and less commonly extra-adrenal TAPGL.
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MaLIGNaNCY SDHB-associated PPGLs are highly malignant (30-70%); relatively higher rates of malignancy have also been reported in PPGL associated with FH and MAX germline mutations. 15, 16 Similar associations of these genes with high rates of malignant PCC/PGL have also been reported in children.
15,16
CHOICE OF NUCLEar IMaGING
In adults, it has been shown that 18 F-fluro-deoxy-glucose (FDG) positron emission tomography/computerized tomography (PET/CT) and 18 F-fluro-dopamine PET are more sensitive in detecting metastasis in SDHB mutation carriers, whereas 18 F-fluro-dihydroxyphenylalanine PET/CT is more useful to detect non SDHB metastasis. 17 A recent study has also demonstrated the superiority of 68 Ga-DOTATATE PET/CT in SDHBrelated metastasis over the previously mentioned functional imaging methods. 18 The 18 F-FDG PET/CT can differentiate SDHx-related HNPGL from sporadic ones with 80% accuracy. 19 However, no such data are available in children.
Immunohistochemical Staining
Introduction of SDHB immunohistochemical (IHC) could distinguish SDHx-related PPGL (SDHB IHC negative) from nonSDHx-related PPGL with high specificity and sensitivity. 20 Recently, positive SDHD immunostaining has been demonstrated in most of the SDHx-related PPGLs, and it provides additional strength to confirm the SDHx-related PPGL. Negative SDHA immunostaining suggests underlying SDHA mutations. 21 The MAX IHC is negative in MAX mutations, and 2SC is positive in FH mutations. 6 These immunostaining characteristics help to prioritize genetic testing among those with the norepinephrine-secreting biochemical phenotype.
PrIOrItY OF GENEtIC SCrEENING
Prioritization of genetic testing would make it more cost-effective. 12 A simple algorithm for prioritization of genetic testing in patients with PPGL is depicted in Flow Chart 1. The first step is to identify those with syndromic presentation and perform targeted genetic testing for them. The components of PPGL-associated syndromes and their surveillance are summarized in Table 1 . 
CONCLUSION
Prevalence of germline mutations in children with PCC/ PGL is very high. Genetic testing of inherited mutations associated with PPGL helps to predict the tumor behavior (location, biochemical phenotype, malignancy, response to treatment), and, hence, appropriate management. Genetic testing will also help to predict co-occurring cancers and will direct regular screening and early identification/management of these cancers in hereditary syndromes. It will also direct the screening of at-risk relatives facilitating early detection of PPGL and associated cancers in them. Hence, all children with PCC/PGL should undergo genetic testing for PCC/PGL susceptibility genes. A clinically driven prioritization of genetic testing would be more cost-effective.
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